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Abstract
A solar evaporator was designed, built, and operated to reduce the water-based metalworking fluid waste stream. The evaporator was setup in Waste Management's barrel lot inside one of the confinement areas.
The unit processed three batches of waste fluid during the prototype testing. Initial tests removed 13% of the fluid waste stream. Subsequent modifications to the collector improved the rate to almost 20% per week.
Evaluation of the risk during operation showed that even a small spill when associated with precipitation, and the unit placement within a confinement area, gave it the potential to contaminate more fluid that what it could save.
Summary
A solar evaporator was designed, built, and operated to reduce the water-based metalworking fluid waste stream. The design was intentionally kept as simple as possible. The evaporator was built on an aluminum frame and was sized on the largest available stock tank that could be purchased. Liquid wastes are collected in pails (5 gallon), barrels (55 gallons) and carboys (250 gallons). This combination worked out well because we could process one carboy at a time. The evaporator was setup in Waste Management's barrel lot inside one of the confinement areas. Instrumentation was kept simple and later expanded as more questions were asked. The fluid height sensor failed because of corrosion and had to be replaced with an ultrasonic monitor.
The unit processed three batches of waste fluid during the prototype testing. Initial tests removed 13% of the fluid waste stream. Subsequent modifications to the collector improved the rate to almost 20% per week by the third run. A number of shields were added to prevent any contamination from escaping the confines of the stock tank. Also many problems were encountered with the delivery manifold. Hole size was modified four times and finally a filter had to be added to the input of the system pump to prevent debris from plugging the manifold.
Evaluation of the risk during operation showed that even a small spill when associated with precipitation, and the unit placement within a confinement area, gave it the potential to contaminate more fluid that what it could save. A number of risk factors, suggestions, and conclusions can be found in the conclusions and recommendation section of this report.
Discussion

Scope and Purpose
Used and/or spoiled metalworking fluids represents one of the largest waste streams for the Kansas City Plant operation. Two types of metalworking fluids are used in FM&T operations: water-based and oil-based fluids. Water-based fluids are a mix of an oil concentrate and from 90 to 95% water. It costs FM&T $0.52 per gallon to get this waste fluid removed from the site, properly treated per state and federal regulations, and discarded. The object of this study was to build a small solar evaporator to evaporate part of the water portion of the water-based fluid to reduce the quantity of the waste stream.
Design Factors
Research was begun on various solar evaporators. A design was proposed and built based on the largest oval stock tank available, manufactured by McMaster-Carr with a capacity of 330 gallons of fluid in a galvanized tank 96 inches long x 36 inches wide x 24 inches deep (see Figure 1 ). This tank matched well with the 250-gallon capacity waste carboys used by the waste management organization to remove liquid wastes. The evaporator element (see Figure 2 ) was made from corrugated galvanized sheet that was powder coated black to absorb as much of the sun's energy as possible. The corrugations were 1.25 horizontal pitch with 0 .25 height. The collector was 31 inches wide by 5 feet in length. There were 25 channels along its width. The corrugated sheet was set on a frame with a 5 degree slope. A copper manifold (see Figure 2) was mounted along the evaporator width at the top end. The manifold had 0.028 inch holes along it length at 1.25 inch intervals so that the fluid could be distributed along the top end of the galvanized sheet. A rain shield (see Figure 1 ) was designed to prevent rain from mixing with the Metalworking Fluid (MWF) being evaporated. The rain shield built was a 4 foot by 9 foot, 0.125 thick Plexiglas sheet supported by an aluminum angle iron frame. The rain shield had a 3.5 degree slope. A Plexiglas piece 6 inches wide sloping in the opposite direction was placed on the underside. This piece directed the flow back into the tank and prevented any condensate that formed over night to spill out of the system. The gap at the manifold end (head) of the unit was 12 inches above the tank and 6 inches above the collector. The gap at the foot end was 6 inches above the tank. On the rear end of the rain shield, where the gap was largest above the tank, a 4 inch side shield was installed to prevent wind from blowing the fluid out of the unit.
The evaporator was installed in the waste management barrel lot (see Figures 1 and 4 ) This lot is regulated by federal and state pollution prevention departments and monitored by the FM&T Environmental Operations department. Since the evaporator unit sat at a low point in a confinement area, any overflow or spray from the evaporator system had the potential to contaminate any rain water that collected and turn it into treatable waste. To prevent this, the drain valve for the area was closed if threatening weather was observed. Any accumulated rain water is inspected for cloudiness or oil floating on the surface. If no contamination is found, the accumulation is released into a storm drain. These concerns resulted in extremely tight operating parameters since a small release from the evaporation unit could result in the generation of hundreds of gallons of treatable waste.
Figure 4. Evaporator system setup in barrel lot
The system was circulated using a UL listed, Little Giant Model 4E-34NR 1/12HP submersible pump (see Figure 5 ). The pump was capable of pumping 810 gallons per hour at one foot, or raising the fluid 24.5 feet. The pump runs on 110 VAC with a low power requirement. Similar pumps have been successfully used with other MWF applications.
Figure 5. System pump
A Zebra Sidewinder Tube Skimmer (see Figure 6 ) was also attached to remove way oil (oil residue found in carboys and separated oil from spoiled fluid). This skimmer removes oil at a maximum rate of 1 quart/hour. The skimmer was mounted on top of a diverter. The lock jaw mounting plate was bolted to the bottom of the diverter. The whole assembly was then clamped to the top lip of the tank. This unit also runs on 110 VAC power. The oil side of the diverter was connected to a tube that ends in a 5-gallon waste oil container with a waste management designation of Oil L2, a non-hazardous waste oil container. The oil container was set in a separate confinement tank to prevent spills in handling the catch can from contaminating the area. The water side of the diverter returned the water-based component back to the stock tank. The waste oil can be fuel blended. If the MWF has over 10% oil it is considered hazardous waste which requires a much higher cost per gallon disposal cost.
Sidewinder Skimmer
Diverter -Separates Water from Oil Lockjaw Clamp Figure 6 . Evaporator -oil skimmer components A minimal amount of instrumentation was incorporated to track the evaporator operation. An Oakton Temperature/Humidity Datalogger (see Figure 7 ) was used to track the environment around the evaporator. This instrument was attached to a 0 to 10 VDC device to interface a fuel gauge from J C. Whitney (see Figure 8 ) to track fluid level. This proved unsuccessful because components of the float system were made of iron and quickly rusted to failure (first two weeks of operation) in the water-based environment. The fluid level was tracked by reading a 24-inch steel machinist scale that was clamped to one of the collector's legs that sat inside the stock tank. We did use the datalogger to track changes within the evaporator environment. 
Opportunities
Numerous problems and changes were required during the first run. These are noted in the daily logs. The first problem to be addressed was the prevention of any leaks that might contaminate the area. A number of changes involved the supply manifold. As the MWF flowed though the small holes at low pressure, buildup occurs, eventually clogging the holes in the manifold. Also, the fluid used for this process was waste fluid containing a lot of debris. As the debris builds up in the holes, the pressure in the manifold builds up and instead of streaming on the collector the fluid sprays out the holes. This creates a problem at the ends of the manifold where the spray can spill out of the stock tank onto the ground. Many variations of shield were tried to prevent this. The final design included a one foot long, 90 degree angle that was formed out of sheet metal starting at the manifold. A piece of vinyl strip door material was attached to the outside of the sheet metal, containing the spray at the end of the manifold.
Another problem discovered was seepage at the bottom seam of the tank caused by a small dent from handling damage. This seepage combined with the accumulated dirt that was carried into this area due to the slope of the ground which held the fluid, allowed water to wick under the stock tank. After the first rain and the obvious oil film around the base of the tank it was evident that more waste was being created than saved by evaporation. This seepage was controlled by using RTV on the outside seam. The inside seam was also covered with RTV between the first and second runs.
The third batch of fluid processed in the evaporator was fluid residue from chips sent for disposal. Even with holes enlarged five times from the initial 0.028 diameter to over 0.063 inch diameter, there was so much debris the manifold would clog in minutes. The rough polypropylene filter screen (see Figure 9) was not adequate for handling this combination of slug and debris.
Clogged screen and new screen Detail of clog Figure 9 . Polypropylene filter screen
The screen was replaced with a trade size 9, 100/200 micron felt filter bag that was 5.5 inch diameter and 32 inches long. Rings were fitted to the inside of the bag to keep its shape and the end was tied to a piece of ¾ schedule 40 pipe connected to the input to the pump (see Figure 10 ).
Figure 10. Bag filter installed on system pump
The combination of filter bag and hole size solved the manifold plugging problem. The other modification made to the manifold was the installation of valves in the supply line (to regulate flow) and a tee (for the addition of a branch line) (see Figure 11 ). An 1/8 inch branch line was installed in the stock tank and used as a fountain. This also set up a flow on the top surface around the inside edge of the stock tank and brought the oil floating on the top to the skimmer.
Manifold Modification
Underside of collector w/fountain on left side and skimmer tube on right side Another modification was the replacement of the fluid height measuring device (see Figure 13 ). This was the most costly of all the modifications. An ultrasonic liquid level height indicator was purchased from Omega Engineering Co. (see specifications below). the combination power supply and controller was also purchased for future applications such as the ability to remotely monitor the fluid level.
Figure 13. Ultrasonic liquid level sensor and specifications
It was observed that readings taken from the steel rule were affected by temperature. Since the sensor device is mounted to the rain shield and senses the fluid level in a steel tank, the combined effects of thermal expansion of aluminum, Plexiglas, steel, and water affected the readings. Day to day readings taken at the same time of day at approximately the same temperature can be compared. This provides an explanation of why no changes in height are noticed during the heat of the afternoon but there are from 0.1 to 0.2 inch change in fluid height. in the morning when everything has stabilized at the same temperature.
Collector extensions, painted black to absorb heat, were also added to the side walls of the stock tank. These extensions were flat with a small lip on the outside edges. It was observed that the fluid absorbs more heat on the flat section than the corrugated section of the extensions. To absorb more heat to warm the fluid, the stock tank was also painted flat black (see Figure 14) .
Figure 14. Collector extensions installed
The collection of additional data began during the second run. Thermocouple readings were added along the evaporator surface at the head end, the end of the collector (or tail end), and at the end of the extensions. An additional data point was provided using a meter that measured light intensity in foot candle (see Figure 15 ).
Light intensity meter and thermocouple readout
Magnetic thermocouple mounts Figure 15 . Instrument modifications Later, thermocouples in spring-loaded magnetic mounts were added. The end mount was mounted upside down (see Figure 16 ) under the end of the extension so that the temperature of the fluid leaving the collector could be measured. The two magnetic sensors were mounted under the fluid surface so that the fluid temperatures at the head and tail ends could be measured. Using these mounts with connectors allowed the thermocouples to be plugged into the readout to quickly obtain temperature readings.
Figure 16. Magnetic thermocouple mount under the end of the collector extension
Another modification made during the second run was the addition a solar-powered fan (see Figure 17 ) to each side of the underside of the rain shield to draw humid air from above the collector out from under the rain shield into the atmosphere and increase the evaporation rate. However, these fans did not generate very much volume and were not effective.
Figure 17. Solar powered fan installed in rain shield
Fluid stability was monitored for the first two runs. Because the fluid was being constantly circulated, no deterioration of the fluid was observed. As expected, acid splits showed the emulsified oil percentage increase during the run. Acid split from the third run was zero because the emulsifier had been destroyed by bacteria.
Results
The first run of the evaporator system was loaded with a charge of MWF from the quick cleaning process in D/25. The MWF was a 2% solution of TrimSol heavily dosed with CimClean 30 and Kathon. This solution was used to break up deposits in the MWF system including the sump and to sterilize the surfaces. The fluid had no odor because bacteria and mold counts were zero. There was approximately 5 gallons of oil skimmed off the surface. The fluid level table shows a fairly constant slope. Loss rate was approximately 2 inches per week or approximately 13% per week.
There was a significant learning curve for the first run. The reason the initial slope (see Table 1 ) was steeper was because of the skimmer removing oil from the top surface at its maximum rate for hours. Also affecting the slope was the spray mist that was drifting out of the unit. After this problem was solved with installation of the shield, the slope remained fairly constant. 
Feasibility Study
The second run was with another load of D/25 quick clean fluid. 
Date &Time (Days)
Fluid Height (Inches)
A decision was made not to run the system for a period of days due to modifications that had occurred. Conditions during the next three days of the run were raining with cloud cover. The confinement area filled with water and was not drained so the air around the evaporator was saturated. After conditions cleared and the confinement drained, fluid started to evaporate. The first week resulted in only a 5% evaporation rate (see Table 2 ). The effect of the evaporator extension is evident during the second week when the evaporation was almost 17%. For the 18 day run 30.7% of the fluid volume or approximately 0.19 inches per day was lost.
The third run was from the chip mill area of waste management. All the chip barrels are drained before the chips are processed. This drainage is accumulated in a carboy. The liquid is a mix of every fluid found in the plant along with any other materials that might be tossed into a chip barrel. The fluid was covered by a lot of oil and had spoiled. During spoilage the bacteria attack the emulsifiers in the water-based metalworking fluid and break the solution apart. The pH of the fluid when checked was 7.1. A typical water-based fluid is alkaline and has a pH from 8.6 to 9.1 in normal operation. When bacteria attack a fluid their waste is acidic. This fluid had been sitting around so long that the batch of approximately 200 gallons was almost neutral.
The fluid had a strong odor to it. In order to not violate area permits, permission was obtained by waste management to add one pound of sodium hydroxide to the fluid to bring it up into the normal alkaline range and slow down the corrosion effects and to add four ounces of odorant to control the odor.
During the third run, the skimmer removed over 22 gallons of oil floating on the top surface of the fluid. That accounted for the stair-step shape of Table 3 . The weather during this run included two partial days of rain and overcast skies. During the 10 days since the run was started (see Table 3 ), 25% of the initial charge or approximately 2.5% per day had been removed. Ten percent of this total was due to the oil that was skimmed off the top surface during the first week. During the last five days approximately 0.2 inches of fluid height per day was removed due to evaporation.
Although the odor from this run got gradually stronger, there were no complaints from personnel in the area.
The light intensity measurements (see Table 4 ) show the effects of weather conditions. The slight change in slope of the fluid height is evident in this table. The impact from the light intensity had a striking effect on the temperatures taken along the evaporator surface and the fluid temperatures in the stock tank. The temperature of the evaporator stayed nearly constant during the daytime on the days with rain and significant cloud cover (see Table 5 ). The daily temperature and humidity excursions plotted on top of each other (see Table 6 ) shows some definite trends. To increase efficiency, the system pump should be shut down from midnight to 8:00 AM. During this period the evaporator acts like a condenser because the temperature extremes flip and the fluid cools as it flows down the surface. When the data is spread out (see Table 7 ), it is evident that on certain days nothing significant occurred due to inclement weather and precipitation. 
Conclusions and Recommendations
Following are conclusions about the feasibility of using an evaporator to reduce the water-based metalworking fluid waste stream.
The evaporator can reduce the metalworking fluid waste stream. Testing has shown that the potential is available in the summer and early fall time frame. However, in dealing with waterbased material there is the potential for freezing. If the unit is to be run into late fall, the system pump must be run full time to prevent freezing.
The evaporator needs to be checked periodically during the day. It cannot be left unattended as currently designed and instrumented. This is especially true when the unit is first charged and the amount of oil that the skimmer can pick up may exceed the waste oil reservoir capacity. Also there is potential for leaks, manifold plugging, and wind gusts catching and moving the rain shield.
If the evaporator leaks and/or spills, there is potential for creating more waste than the evaporator can save. This is especially true if precipitation is involved because of the evaporator location in a confinement area of the barrel lot.
If the evaporator unit was longer, it would have the potential to evaporate more fluid, as proved by adding the extensions and verifying the loss rate rose.
If the evaporator tank had it own confinement tank, the potential for spill contamination would be greatly reduced. All oil waste containers need to be inside the confinement area. All components need to be under a rain shield. Precipitation could easily fill an uncovered confinement tank .
To operate the unit unattended, additional instrumentation has to be added to the installation and an annunciator panel installed in the waste management area so that personnel could quickly check on the unit.
Potential exists for making the evaporator unit more efficient. There is capacity in the pump to add a third fluid stream though a solar water heater. This would increase the fluid temperature and will affect the evaporation rate. Another suggestion is to add air flow under the rain shield to carry away part of the saturated air. Care must be taken in the unit design to prevent condensed droplets of MWF being released when warm humid air hits the cooler atmosphere. However, since the fluid is water based, no spill hazards are anticipated. Timers could also be added to shut the system down about three hours after sundown and activate the system after sunrise. This would prevent the evaporator from turning into a collector during early morning hours when the evaporator is cooling the fluid and removing air from its surroundings.
Future design must consider the effects of differential expansion on the instrumentation of the evaporator. As long as comparisons are made during the morning the data is valid. Differential expansion increases the measurement error during the day. Since the tank is painted black and the instrumentation is under the rain shield it is affected by the heating of the components. The data logger is within 3 inches of the tank wall and in the afternoon can read almost 30 degrees above ambient temperature. The rain shield, only partially blocked on one side, created its own environment. The location of the unit minimized air flow. This had a negative impact on the evaporation rate but did serve to protect from possible spills due to high wind. This project contained many unexpected variables. A primary concern is that one spill and the associated contamination could create more waste than the potential benefit of the evaporator. This makes future application doubtful. These risks can be overcome but will increase the unit initial cost and monitoring costs. It would require a substantial amount of evaporation to pay for the expense of the system at an MWF removal rate of $0.52/gallon, rendering the system non cost effective at this time.
